Abstract-The merging of the materials science paradigms of liquid crystals and 2D materials promises superb new opportunities for the advancement of the fields of optoelectronics and photonics. In this paper, we summarise the development of 2D material liquid crystals by two different methods: dispersion of 2D materials in a liquid crystalline host and the liquid crystal phase arising from dispersions of 2D material flakes in organic solvents. The properties of liquid crystal phases that make them attractive for optoelectronics and photonics applications are discussed. The processing of 2D materials to allow for the development of 2D material liquid crystals is also considered. An emphasis is placed on the applications of such materials; from the development of films, fibers and membranes to display applications, optoelectronic devices and quality control of synthetic processes.
I. INTRODUCTION
Two-dimensional (2D) nanocomposite materials with dynamically tunable liquid crystalline properties have recently emerged as a highly-promising class of novel functional materials, opening new routes within a wide variety of potential applications from the deposition of highly uniform layers and heterostructures, to novel display technologies. Here, we will introduce the underlying concepts that underpin this recent technological advance; provide an overview of the synthetic routes towards such 2D nanocomposite materials; and review recent advances in the application and applicability of these materials within the fields of optoelectronics and photonics.
II. 2D MATERIALS LIQUID CRYSTALS
Since the advent of graphene in 2004, there has been an explosion in the investigation of a wide range of atomically thin (2D) materials. In addition to graphene (exfoliated from graphite), materials that can be reduced to monolayer size have been shown to include: graphene oxide (from graphite oxide); transition metal dichalcogenides (TMDCs)-for example MoS2, WS2 and MoTe2-; and hexagonal boron nitride (h-BN) amongst countless others. The possibilities for applications of these materials are almost limitless, owing to the diverse properties that they exhibit. However, adoption of these materials in novel optoelectronics and photonics applications is often limited by challenges surrounding the scalability, cost of production processes or limited device tunability. Recently, two paradigms of significant interest for the development of novel functional materials where dynamic reconfigurability is delivered through the exploitation of liquid crystalline properties and 2D materials have emerged. Firstly, 2D material particles can be dispersed in a conventional liquid crystal host 1 . Alternatively, 2D materials dispersed in specific solvents have been shown to display lyotropic liquid crystalline phases within certain ranges of 2D material concentration 2 .
III. APPLICATIONS AND PROSPECTS

A. Flms, fibers, membranse and inks
The self-assembling nature of LC materials has led to the use of graphene oxide, MoS2 and WS2 dispersions for the formation of well-ordered layers and stacks of 2D materials.
B. Optoelectronics
LC nanocomposites incorporating 2D material particles show great promise for optoelectronic applications due to their field induced tunability. For example, by tuning the LC director by means of an applied field, one could induce the formation of metastructures formed of the dispersed 2D material particles as they are repositioned 1 .
C. Dispalys 2D material LCs can be used in back-illuminated LCD applications as they exhibit electro-optic switching, as well as also been proposed for application in so-called 'e-ink' displays-without requiring the polarising optics.
D. Quality Control
Inducing the onset of a liquid crystal phase in a dispersion of graphene oxide can be used for size selection of the graphene oxide particles.
E. Outlook
The existence of liquid crystal phase 2D material dispersions presents fantastic opportunities in the exploration of novel optoelectronic and photonic systems, allowing new highly-scalable production processes for thin film integration and novel fiber systems amongst numerous other applications. There still remain many candidate 2D materials for which a LC phase is theoretically possible but not yet shown; the discovery of further 2D material liquid crystals would broaden the range of utilisable properties available.
